Volumetric intensity dependence on the formation of molecular and atomic ions within a high intensity laser focus  by Robson, Lynne et al.
Volumetric Intensity Dependence on the
Formation of Molecular and Atomic Ions
within a High Intensity Laser Focus
Lynne Robson, Kenneth W. D. Ledingham,* Paul McKenna,
Thomas McCanny, Seiji Shimizu,† and Jiamin M. Yang‡
Department of Physics, University of Strathclyde, Glasgow, Scotland, United Kingdom
Claes-Göran Wahlström, Rodrigo Lopez-Martens, Katalin Varju,
Per Johnsson, and Johan Mauritsson
Department of Physics, Lund Institute of Technology, Lund, Sweden
The mechanism of atomic and molecular ionization in intense, ultra-short laser fields is a
subject which continues to receive considerable attention. An inherent difficulty with tech-
niques involving the tight focus of a laser beam is the continuous distribution of intensities
contained within the focus, which can vary over several orders of magnitude. The present
study adopts time of flight mass spectrometry coupled with a high intensity (8 1015 Wcm2),
ultra-short (20 fs) pulse laser in order to investigate the ionization and dissociation of the
aromatic molecule benzene-d1 (C6H5D) as a function of intensity within a focused laser beam,
by scanning the laser focus in the direction of propagation, while detecting ions produced only
in a “thin” slice (400 and 800 m) of the focus. The resultant TOF mass spectra varies
significantly, highlighting the dependence on the range of specific intensities accessed and
their volumetric weightings on the ionization/dissociation pathways accessed. (J Am Soc
Mass Spectrom 2005, 16, 82–89) © 2004 American Society for Mass SpectrometryThe dynamics of atomic and molecular ionizationin intense, ultra-short laser fields is a subjectwhich continues to receive considerable attention
among physicists and chemists. An inherent difficulty
with techniques involving the tight focus of a laser
beam is the continuous distribution of intensities con-
tained within the focus. A consequence of such spatial
focusing is that any gas-phase targets involved in a
laser-molecule interaction are subject to both spatial
and temporal variations in laser intensity [1, 2]. For a
focused laser beam which is Gaussian in r (r  to laser
beam direction) and Lorentzian in z (beam direction)
the intensity I(r,z) is given by [3],





where I0 is the peak intensity, w0 is the minimum waist
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2/ which corresponds to the distance
along the beam axis (r  0) where the intensity has
fallen to half the maximum intensity. Rearranging equa-
tion 1 for r at I  Is where Is is the saturation intensity
(intensity at which the ionization probability ap-
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which describes a contour surface shell of constant
intensity Is. These contours take the distinctive form of
“peanut-shaped” lobes as depicted in Figure 1. For the
focal parameters achieved in the present experiment at
a peak intensity Io  8  10
15 Wcm2 it can clearly be
seen that the largest fraction of the total Gaussian focal
volume is occupied by lower intensities.
The majority of studies carried out using high inten-
sity lasers coupled to time of flight (TOF) mass spec-
trometers has involved intensity averaged data collec-
tion, and the data is then interpreted by assuming that
the ionization dissociation dynamics is governed by the
peak laser intensity at the center of the focus. This is a
reasonable assumption considering the highly non-
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However, several experiments have revealed important
revelations concerning the shortcomings of intensity-
averaged data collection. For example, studies have
revealed that even in the case of atoms, subtle features
of the ionization process may be masked by integration
over the entire focal region [4, 5]. In a study by Hansch
et al. [6], spatially dependent multiphoton multiple
ionization of xenon was examined by scanning the focal
volume across a pin hole (0.5 mm diameter) of the
ionization region. Due to the spatial selectivity achieved
using the 0.5 mm pin hole, the various charge states of
Xe detected had very different volumetric weightings
than those achieved in the conventional mode. El-Zein
et al. [7] carried out a similar study for Xenon and
characterized the laser confocal volume by cross-
sections of the focus showing sequential ionization
stages bounded by isointensity contours for Xe to
Xe6. The experimental ion yields were successfully
explained by the theoretical expected volume behavior
calculated using the appearance intensities of Augst et
al. based on a barrier suppression scheme [8]. Addition-
ally, Greenwood et al. applied the technique of “intensity
selective scanning” to an Ar ion beam target which
revealed for the first time strong field ionization of high
lying target metastable levels in an Ar beam [9].
A recent study of intensity-selective field ionization
of CS2 by Banerjee et al. [1] used circular apertures of 2
Figure 1. (a) Experimental set up for z-scan measurements. (b)
Intensity distribution I (r,z) within the focal volume generated in
the present experiment for a peak intensity of Io8 10
15 Wcm2
depicted as isointensity contours. If rotated about the r  0 axis,
the distribution takes the form of 3-D “peanut-shaped” lobes. All
intensities are given (x 1015 Wcm2).and 15 mm placed at the entrance to the flight tube tospatially limit the interaction volume being sampled.
The Rayleigh range was calculated as 2.4 mm. A strong
molecular ion and dication were observed using the
15 mm aperture with S4 the highest charged atomic
ion observed at the peak intensity of 2 1015 Wcm2. In
contrast, at almost the same absolute peak intensity, 3
1015 Wcm2, using the 2 mm aperture, a suppressed
molecular ion was observed and no dication, but S5
was present in the spectra recorded. It was concluded
that in the former case, where the entire focal region
was sampled, the low-intensity processes or “soft ion-
ization” dominated the dissociation ionization dynam-
ics. In contrast, when the 2 mm slit was introduced and
aligned with the central point of the focal spot, only the
highest intensity distribution was accessed, giving rise
to a pronounced increase in multiply charged atomic
ions. The work of Banerjee et al. has revealed important
results concerning the spatial dependence of field in-
duced dissociation of CS2. It seems, however, that no
experimental studies have been carried out to date
concerning aromatic molecules or larger polyatomic
molecules in relation to intensity selective scanning,
where the effects of varying intensities within a laser
focus could be even more significant due to competing
ionization and dissociation processes. In the present
work, the aromatic molecule benzene-d1 (C6H5D m/z 
79) is investigated in detail as a prototype aromatic.
Benzene-d1 is chosen in favor of benzene to remove any
ambiguity in discerning the doubly charged molecular
ion, which for benzene-d1 lies at a half integer mass to
charge ratio. Additionally, it has been known for some
time that although the fragmentation and ionization for
the same molecules presented by different groups using
similar femtosecond lasers is qualitatively the same,
quantitative differences exist [10]. Several possible ex-
planations for this behavior exist, such as differing
spatial and temporal pulse shapes, including different
amounts of prepulse energy, as well as the magnitude
of the ion extraction volume of the mass spectrometer.
The following work addresses the sensitivity of relative
ion yield and the yield of specific singly and multiply
charged ions on the focusing geometry and alignment
of the laser focus with respect to the TOF axis. Ulti-
mately, the formation of singly and multiply charged
molecular and atomic ions within a laser focus is
probed.
Experimental
The reflectron time-of-flight (TOF) mass spectrometer
used in this work has been described in detail elsewhere
[11]. Briefly, the spectrometer comprises a stainless steel
source chamber (see Figure 1) and a 1.5 m flight tube,
both pumped by rotary-backed turbomolecular pumps
to a base pressure of 2  108 torr. Liquid-phase
samples are contained in glass vials coupled to a
bleeder valve on the spectrometer and the vapors are
effusively admitted to the source chamber via a capil-
lary tube. It is important to exclude any space-charge
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torr to minimize such effects. Ion extraction and accel-
eration is achieved using an ion optic arrangement
designed for this instrument (stainless steel discs,
50 mm diameter) based on Willey Mclaren principles
[13]. Electrostatic potentials of 3 kV and 2.5 kV are
applied to the first and second ion optic, respectively, to
enable ion extraction, see Figure 1. The ions travel
through the field-free flight tube into the two-stage
reflectron [14] in order to correct any initial energy
dispersion. The second ion optic (extraction optic) can
be easily removed and replaced to allow extraction
apertures of different sizes (0.8 mm wide slit or 0.4 mm
diameter hole) to be inserted. The laser beam (  800
nm,   20 fs) is focused inside the chamber using a
f 10 cm silver coated concave mirror. The minimum
beam waist radius is estimated to be9 m. This set up
generates estimated intensities up to 8  1015 Wcm2
which are also measured and verified [8] by the detec-
tion of Kr6. The Rayleigh range is estimated as 0.3 mm.
The mirror is mounted on an xyz translation stage
which facilitates micrometer control along three orthog-
onal axes. Specifically, the z-direction (laser beam prop-
agation) incorporates a wide range of10 mm (20 m
accuracy) to allow optimum scanning of the laser focus
along the interaction region perpendicular to the TOF
axis. Following a 3 m flight path, ions are detected by a
multi-channel plate detector (Galileo), maintained at a
voltage of 2.1kV, before averaged data is collected
over 5000 sweeps on a digital oscilloscope (Tektronix
TDS7104). A PC installed with GRAMS/32 software
[15] (Galactic) is used for mass/charge calibration of the
TOF spectra and subsequent data analysis. In this
manner, averaged TOF mass spectra are collected as a
function of z for a fixed peak laser intensity Io.
Femtosecond ionization was performed using the
Ti:sapphire kilohertz laser system at the Lund Laser
Center (LLC) which has been described in detail else-
where [16, 17]. Briefly, low energy, (5 nJ, 35 fs, 76 MHz)
ultrashort pulses from an oscillator are stretched in time
in a grating based stretcher before being amplified at 1
kHz repetition rate, in a regenerative and two Ti:
sapphire multipass amplifiers, pumped by two Nd:YLF
lasers, reaching energies of 4–5 mJ. The amplified
pulses are re-compressed using a grating compressor,
yielding pulses as short as 35 fs and 2.5 mJ. Gain
narrowing of the system is reduced by an acousto-
optical programmable dispersive light modulator (Daz-
zler, Fastlite, Palaiseau, France). A pulse post compres-
sor [18, 19] based on a gas filled hollow waveguide
(normally Argon at 190 torr) followed by a dispersive
line of chirped mirrors delivered pulses as short as 20 fs,
with 0.5 mJ per pulse.
Results and Discussion
Intensity selective z-scanning measurements were car-
ried out using the 0.4 mm diameter hole and the 0.8 mm
wide slit as the extraction optic. In the following sectionthe data recorded using the 0.4 mm aperture is dis-
cussed in detail while comparative results with the
0.8 mm slit are shown later. Figure 2 displays TOF mass
spectra of benzene-d1 (C6H5D) at z-positions of 4.45,
1.8, and 0 mm. The position of the focal spot corre-
Figure 2. Mass spectra of deuterated benzene (C6H5D) as a
function of z. For (a) z  4.45 mm, only the molecular ion is
detected. At z  1.8 mm (b) and (d) low intensity regions
dominate the morphology of the mass spectra obtained, and a
strong molecular ion is detected. In contrast at z  0, (c) only the
highest intensity regions are accessed and multiply charged
atomic ions are dominant.
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of the focal spot in relation to the ion extraction optic. In
other words the center of the focal spot where I Io lies
centrally on the TOF axis. The z  0 position was
calibrated by initial geometrical alignment of the focal
spot with respect to the TOF axis and subsequent
precision alignment (20 m) optimised on the ion
yield of the highest charged atomic state (Kr6), which
is produced at the highest laser intensity at the center of
the laser focus.
The spectrum corresponding to z  4.45 mm
exhibits almost exclusive benzene-d1 cation which is
characteristic of femtosecond excitation of benzene and
its deuterated derivatives at the lower peak intensity
regime (1013–1014 Wcm2) [20, 21]. For z  1.8 mm,
the spectra exhibits strong cation (M, m/z  79) and
dication (M2, m/z  79/2) in addition to an increased
signal from fragmentation and singly charged C and
H ions. As the beam waist is scanned across the
probed part of the interaction region, the peak intensity
exposed to the detector first increases. This is reflected
in the spectra recorded for z  0 mm, which exhibits a
reduced ion yield for the benzene-d1 cation and dica-
tion. In contrast, the multiply charged carbon ions, Cz
(z  2–4) dominate the spectra at the z  0 position. At
z  0, the ion yield is reduced by an order of magni-
tude, indicating that the intensities pertaining to the
volume slices selected by the aperture are considerably
affecting the ion yield, a phenomenon described re-
cently by McKenna et al. [22] for single photon ioniza-
tion. As the minimum beam waist is moved beyond the
TOF axis (defined as negative z direction) the cation
(and dication) yield increases while the relative yield of
the multiply charged carbon ions is reduced. In fact, it
can be seen that the spectra corresponding to z  1.8
are almost identical, (in relative fragmentation terms)
corresponding to each “wing” of the laser focus. It
should be noted that preliminary investigations of the
z-dependence of the laser focus in relation to the
extraction aperture were reported recently by this
group [23] and revealed an almost identical pattern for
the molecule 1-nitro-pyrene to that mentioned above for
benzene. The effect of varying z-position on singly and
multiply charged fragments is discussed further by
looking at the ion yield (obtained by integrating the
specific peaks) of the aforementioned fragments over
the entire z-range attainable.
Figure 3 displays the relative ion yield of specific ion
peaks from benzene as a function of (Figure 3a) z-position
of the focal spot and (Figure 3b) the corresponding on-axis
intensity calculated using eq 1 for r  0, and the Rayleigh
range (z0)  0.3 mm. The ion plots are of the benzene
cation M, the dication M2, and the singly and multiply
charged carbon ions Cz (z  1–4). It can clearly be seen
that the fragments exhibit a similar, but not identical,
distribution as a function of position of the laser focus
with respect to the TOF axis and is a direct consequence of
the spatial variation of the laser intensity around the focus.
The benzene-d1 cation exhibits a symmetric distributionfor each “wing” of the laser pulse where the ion yield is at
a maximum. This can be explained in qualitative terms by
considering the volumetric intensity distribution of the
laser focus. The scanning range in z of the focus is9 mm
and the diameter of the pin hole on the second optic is 0.4
mm. When the beam is displaced 3 mm in the z
direction, (equivalent to 10 Rayleigh ranges) from the
central focal spot, the detector is exposed to a region of the
laser focus where the volume (V1 say) containing the
intensity corresponding to prominent cation production is
much larger than it is when the central focal region is
exposed at z  0. It is clear from Figure 3a that the z  3
mm corresponds to maximum cation production. This
position relates to an on-axis intensity of 8  1013
Wcm2 from Figure 3b. In contrast to this, a minimum is
observed for the benzene cation yield where the central
part of the focal beam (beam waist) is directly exposed to
the extraction aperture at z  0. In this instance, the
volume that is exposed to the extraction slit which corre-
sponds to cation production is less than V1 mentioned
above. The volumes exposed to the detector for a partic-
ular z position can be estimated to a first approximation
by assuming a cone shaped interaction volume deter-
mined by the expanding waist (w) of the laser focus and
Figure 3. Relative ion yield of singly and multiply charged
species of benzene-d1 as a function of (a) z position of the focal
spot in relation to the extraction slit (0.4 mm wide). (b) corre-
sponding on-axis peak intensity. In each case points are subject to
20 m. Multiplication factors have been added as indicated and
are used only for ease of viewing.the width of the extraction aperture. It can, therefore, be
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detector for z 3 and z 0 mm is of the order of 45 while
the ratio of ion yield of the cation at the corresponding
positions is significantly higher1.5 103, as can be seen
in Figure 3a. Therefore, the reduction in the observed ion
yield at z  0 is not simply a consequence of a reduction
in the volume exposed to the detector but a greater
contribution from a confocal volume(s) corresponding to
higher intensity processes as represented by the isointen-
sity contours depicted in Figure 1.
The benzene-d1 dication follows a similar distribu-
tion to that of the cation where maxima are observed for
each wing of the laser focus (z2 mm ) and a minima
for z  0. In fact all of the singly charged CmHn
fragments (not shown) display this characteristic sym-
metric distribution. However, the z-range over which
the ions are detected differs, with the benzene cation
exhibiting the largest attainable range. The spatial
weightings described below can be used to explain this.
In the case of atoms, where ionization is the only
channel, this can be explained by a simplified discus-
sion. For studies carried out on Xenon [6, 7] in the
intensity averaged mode, (where the extraction aper-
ture is several times the Rayleigh range), Xe ions
contribute the greatest yield to the mass spectrum since
singly charged ions are generated within a much larger
volume than any of the other higher charge states. For
absolute peak intensities of I0 that are greater than the
saturation intensity required to create Xe, the spatial
weighting factor grows as I0
3/2 [24]. The higher charge
states are only produced near the center of the focus
since they require higher intensities. An enhancement
of single ions is observed as a consequence of the
volumetric weightings. Furthermore, when a small slit
is in place that exposes only the Rayleigh range to the
detector, then because of the spatial selectivity, the
various charge states of Xe will have different volumet-
ric weightings than when the entire focus is exposed to
the detector.
As stated previously, intensity selective z-scanning
measurements were also carried out using a larger
extraction aperture, namely a 0.8 mm slit and at differ-
ent sample operational pressures. Figure 4 shows the
normalized ion yield as a function of z (and on-axis
intensity) for the benzene-d1 molecular ion at gas
pressures of 5.2  107 torr with the 0.4 mm aperture
and 7.2 and 2.0  107 torr with the 0.8 mm slit. At all
pressures using both extraction apertures, the ion yield
exhibits the same characteristic distribution as a func-
tion of z. However, it can be seen that in the case of the
0.8 mm slit, the C6H5D
 ion yield has fallen by a factor
of 10 at the z  0 position for a gas pressure of 7.2 
107 torr and by a factor of 100 for the lower pressure
of 2.0  107 torr. Therefore, in this case the size of the
ion yield at the observed minima is directly related to
the number density of the target. However, with the
0.4 mm aperture at a pressure approximately midway
between the two stated above, the ion yield drops by a
factor of 1000 at the z  0 position. It can be seen thatthe volumetric weightings of the isointensity contours
accessed are ultimately dictating the ion plots observed,
highlighting the significance of the isointensity volumes
accessed by an extraction aperture that is comparable
with or less than the Rayleigh range and also the
increased spatial resolution obtained.
Applying the same principles described for atoms [7]
to molecules is inherently more complicated due to the
competing processes of ionization and dissociation,
with the latter dominating at higher intensities. Addi-
tionally, coulomb explosion [25] of highly charged
transient species giving rise to multiply charged atomic
ions Cz (z  1–4) occurs at higher intensities. The
distribution of the carbon ions Cz (z  1–4) as a
function of z position are also depicted in Figure 3a.
Maximum ion yields are detected atz positions where
the volume exposed to the detector corresponding to
intensities high enough to permit coulomb explosion is
at a maximum. In the case of the Cz (z  1–4) ions,
Figure 3b shows that as the focus is moved towards the
z  0 position and higher intensity volumes are ac-
cessed, higher charge states of the Cz ion are detected.
The minimum on axis appearance intensities the C,
C2, C3, and C4 are detected are 9  1013, 3  1014,
8  1014, and 1.8  1015 Wcm2 respectively. It cannot
be unambiguously stated that the above intensities are
“onset” intensities for coulomb explosion since the
extraction aperture will still accept ions over a limited
range of intensities. Table 1 shows the range of on-axis
intensities accessed by the 0.4 mm aperture that corre-
Figure 4. Ion distribution of benzene-d1 molecular ion as a
function of pressure and extraction optic size.spond to appearance intensities for the Cz fragments.
8–0.1
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for coulomb explosion onset at 2  1014 Wcm2 using
tunneling theory [2]. In addition, at a relatively low
intensity of 9  1013 Wcm2, the C ion yield is not
attributable to a coulomb explosion mechanism but to
dissociation from the molecular ion [20].
Figure 5 displays the ion yield of the multiply
charged atomic ions Cz (z  1–4) as a function of z for
benzene-d1 using (Figure 5a) the 0.4 mm pin hole and
(Figure 5b) 0.8 mm slit extraction regions. For the
0.8 mm slit, the singly charged C ion displays a similar
characteristic distribution as with the 0.4 mm aperture.
The distribution of the remaining carbon ions Cz (z 
2–4) when the 0.8 mm slit is inserted, Figure 5b, is
significantly different from that when the 0.4 mm
aperture is used. In the former case, for each of the
carbon ions (Cz z  2–4) a continuous curve is
observed with a maxima corresponding to z  0. It can
be shown using ion simulation software SIMION [26]
that the extraction aperture accepts ions from an inter-
action region that is at least the width of the slit itself.
Table 1. Experimental range of appearance intensities for singly
Coulomb explosion fragment
Range of appearance intensities (1015 Wcm2) 0.0
Figure 5. Ion yield of the multiply charged atomic ions Cz (z 
1–4) as a function of z (and on-axis intensity) for benzene-d1 using
(a) the 0.4 mm pin hole at a pressure of 5.2  107 torr and (b) the
0.8 mm slit at a pressure of 7.2  107 torr.Thus, as a result of the larger extraction aperture (more
than twice the Rayleigh range), when the central region
of the focus is exposed to the detector, a relatively wide
range of peak intensities is accessed. Specifically, over
0.4 mm (half the width of the extraction slit), at the z  0
position, on-axis intensities can be calculated as 3–8.0 
1015 Wcm2 for each “wing” of the focus (compare this
with 6–8  1015 Wcm2 for the aperture). Therefore, the
intensity selection “slice” is not small enough to access
specific intensity contours relating to intensity selective
volumes corresponding to dominant coulomb explosion
of Cz (z  2–4), which occurs within the smaller, higher
intensity volumes. In other words, even with a 0.8 mm slit
(2.6  zR) we still have a scenario where the larger
confocal volumes of lower intensity (I0), significantly
determine the resultant ionization/coulomb explosions
processes.
Conclusions
The present study employs a tiny extraction aperture
(0.4 mm) within a time of flight mass spectrometer to
investigate the ionization/dissociation of benzene-d1 in
intense laser fields. However, the technique adopted
differs from conventional studies in that it concentrates
on the ion distribution of various fragments as a func-
tion of position of the focus spot in relation to the
extraction region for a constant peak intensity I0. By
scanning the focal spot along the direction of propaga-
tion of the laser beam (z), selective intensity regions
were accessed by the detector. The resultant TOF mass
spectra varied significantly, reflecting the range of in-
tensities and the volumetric weightings accessed by
scanning the focus spot.
Ion distributions for the benzene cation, dication, and
multiply charged carbon ions (Cz z  1–4) were plotted
as a function of z-position. All fragments exhibited an
approximate symmetric distribution for each “wing” of
the laser pulse where the ion yield is at a maximum. The
observed patterns are a direct consequence of the spatial
variation of the laser intensity around the focus. Low
intensity regions of the focus spot occupy a much larger
geometrical volume than the peak intensity, as depicted
by the “peanut-shaped” isointensity contours. Thus, when
the focus was displaced 3 mm from I0, large, low
intensity regions (8 1013 Wcm2) are accessed and the
cation dominated the resultant mass spectra. In contrast,
at the z  0 position, the isointensity contours of high
intensity regions are spatially selected and multiply
charged carbon ions, synonymous with coulomb explo-
sions of highly charged transient species, dominated the
mass spectra. In addition, almost no cation was observed.
multiply charged carbon ions
C2 C3 C4
2 0.25–0.44 0.79–2.14 1.60–5.90and
CMany traditional intensity dependent investigations
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path (neutral density filters) to control the peak inten-
sity I0. This may distort the overall beam quality and
will inevitably lengthen the pulse duration somewhat.
By sampling only a small fraction of the laser focus
(Rayleigh range) and scanning across the laser focus
relative to the TOF axis, precise intensities can be
selected without altering the beam profile. In addition,
the formation of individual ions (singly and multiply
charged) may ultimately be associated with precise
geometrical interaction volumes within the laser focus
and therefore accurate intensity dependent measure-
ments can be made. A similar technique has been
described by Witzel et al. outlining the applications of a
spatially confining TOF mass spectrometer [27].
The above study has focused on the gas phase
sample of benzene. It should be noted that the Glasgow
group has carried out similar studies [23] on the solid-
phase nitro-aromatic molecule 1-nitropyrene (C16H9NO2).
Analogous results have been obtained underlining the
potential universality of the z-scan technique. In addi-
tion, the focus position of the beam was varied in the y
direction (perpendicular to TOF axis and z) in relation
to the extraction aperture. Preliminary results reveal
that the y dependence is as critical as, if not more than,
the z-dependence of the focus on the resultant mass
spectra. Further studies are required utilizing a smaller
acceptance aperture  Rayleigh range, to elucidate
ionization processes such as multiphoton and field
ionization and the formation of multiply charged mo-
lecular and atomic ions within a high intensity laser-
molecule interaction zone. With an increased spatial
resolution, the resultant ion distributions may reveal
important features that are masked when a range of
intensities is accessed by the detector, and the larger
confocal volumes dominate [9].
It is important to note, however, that in terms of
analytical purposes, detection of the molecular ion is
essential and for some time femtosecond lasers coupled
with TOF mass spectrometry (FLMS) have facilitated
these studies [28–30], generally using an extraction
aperture considerably larger than the Rayleigh range. In
this scenario, the lower intensity, large confocal vol-
umes dominate, and strong molecular parents and
structure specific fragments are detected. Therefore, it
may be useful to adopt a similar technique to that
outlined in the present study, utilizing a tiny pin hole
for extraction of ions but at a considerably lower
intensity (1013 Wcm2). Thus, at lower focused inten-
sities a “soft” femtosecond ionization regime domi-
nates, however, the size and energy of the laser systems
could be considerably smaller for femtosecond analyti-
cal studies of molecules.
Finally, many discrepancies have arisen in the data of
different authors when investigating the same analyte
under almost identical laser conditions [10, 31]. The posi-
tion of the focus spot in relation to the acceptance volume,
as well as the dimensions of the acceptance volume itself
have been identified as crucial experimental parametersfor a more meaningful comparison of such data. It has
been shown in the present work that the ion yield of
specific singly and multiply charged ions varies signifi-
cantly depending on these parameters.
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